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(54) Title: PREaPTTATION SENSOR AND METHOD FOR PRECIPITATION RATE MEASUREMENT 



ON 




i^"^ Abstract: The invention relates to a rain detector and a method for precipitation rate measuiemenL The rain detector comprises 
a collection vessel (1) of, e.g., funnel-like construction, the vessel inootporatiiig a collector end (2) for collecliiig rainwater and, 
having a smaller cross-section, a discharge end (3) for passing ooUected lainwatBr to measurement, and a measmement section (4) 

^ located in a close vicinity of said discharge end (3) for gangjng the collected rainwater. Accoiding to die invention, the measurement 

^ section (4) includes means for determining the volume of a single droplet. 
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Predpitafioii sensor and method for precipltatton rate measurement 

The invention relates to a rain detectcnr accoidiog to the preamble of claim 1. 

5 

The invention also relates to a metluki according to (he preamble of claim 10 for 
prec^itation rate measurement. 

The invention is CTiployed in the measurement of the intensity and total amount of 
10 rain. 

The rain gauges most generally used in the art are known as counting detectors (of 
the tipping bucket type) con^ndsing a funnel-like collector with a small-volume col- 
lection vessel placed thereunder. The collection vessel is arranged to enq>ty itself 

15 automatically when a predetermined amount of water is accumulated therein^ the 

sinQ>lest inq>lementation being a tq)ping-bucket mechanism. The detector delivers a 
count pulse every time the bucket enq>ties itself, whereby one pulse is calibrated to 
represent a predetetmined amount of rain, e.g,, 0. 1 mm. However, tins type of 
tipping-bucket rain gauge is hampered by certain problems a few of them being 

20 discussed below: 

A basic problem is related to poor resolution of the rain gauge. This is because the 
resolution is determined by the volume of collection bucket Hence, light rain accu- 
mulating to less than the tipping bucket volume remains undetected. 

25 

An additional problCTi arises ftom the "dead time'' of the detector. Resultin^y, water 
dropping from the collection fimnel during the tipping of the collection bucket may 
remain ungauged. This defect causes measurement error particularly at hi^rain&ll 
intensities. 

30 

Measurement error may also be caused by the j amming of the rain gaugp due to 
soiling or, e.g., insects enterhig the detector structures. 
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Attempts have been made to solve these problems by means of, e.g., a detector 
structure having no separate collection vessel, whereby the water is allowed to exit 
the collector as individual droplets whose number is counted. Counting takes place 
so that, e.g., the fidling droplets are detected as tfiey short-circuit an electrical 
detector circuit (cf. US Pat No. 4,520,667) or are counted optically (cf. international 
patent application PCT/DK98/0042S). 

A characterizing feature common to all pricxr-^ constructions is that efforts are 
made to design the collector such that produces droplets of maximally standardized 
size irrespectiye of the ambient conditions and rain&U intensity. Then, the number of 
droplets is directly proportional to the total amount of rain. A shortcoming herein is 
that the construction of the drdplet-forming portion of Hxe collector becomes mecha^ 
nically coniplicatedy easily clogged and cosdy to manu&cture. However, mechani- 
cally less complicated implementations allow the droplet size of the water exiting the 
collection funnel to vary with nhatiging rainftU intensity thus causing measurement 
enxir (cf. Stow et al., Jomnal of Atmospheric and Oceanic Technology, Vol. IS, pp. 
127-135). 

It is an object of the present invention to ovraxxmie the inroblems of the above- 
described prior art and to provide an entirely novel type of rain detector and method 
for measuring rain&U data. 

The goal of the invention is achieved by a collector construction comprising a 
finmel'like collection vessel, wherefirom rainwater exits as single drops, and a sensor 
that is functionally integrated wifli the collector and provides an output signal pro- 
portional to the size of die drqplet exiting die collector. 

More specifically, the rain detector according to the invention is characterized by 
what is stated in the charsicterizing part of claim 1 . 
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Fmthennore, the method of rain detection according to the invention is characterized 
by what is stated in the characterizing part of claim 10. 

The invention provides significant benefits. 

5 

The invention facilitates a very tmcon^licated and low-cost mechanical construction 
inasmuch as it allows variations in tibe droplet size. The collector may be designed 
into a funnel, for instance, that has a strai^ discharge tube. Thus, soiling m partial 
clogging of the collector does not cause a measurement error provided that the 
10 collected water can exit via the discharge tube under all conditions. Resultingly, any 
measurement error related to varying droplet size can be eliminated. 

Jn the following^ the invention will be examined in greater detail with Ifae help of 
exemplifying embodiments illustrated in the appended drawings in which 

15 

FIG. 1 is a schematic view of a first embodiment of a rain detector acccnding to the 
invention based on a force sensor; 

FIO. 2 is a schematic view of a second embodiment of a rain detector according to 
20 the invention based on a capacitivesenson 

FIO. 3 isablockdiagramof a third embodiment of a rain detector acccmling to flie 
invention based on a charge sensor; 

25 FIO. 4 is a block diagram of a fourth embodiment of a rain detector according to the 
invention based on an optical detection system; and 

no. 5 is a graph representing tiie pulse signal generated by a water droplet in a 
system according to the invention. 



As mentioned above, a rain detector according to the invention conqxrises: 
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1) a collector having, e.g., a ftumel-like sh^e wherefrom rainwater exits as 
single drops and, functionally integrated thereto, 

2) a sensor capable of delivering an ou^ut signal proportional to the size of tiie 
felling dn^let 

The relationship between Ibe droplet volume and detector output signal is resolved 
by eitiher laboratory or field tests. Herein, the total amount of rain can be detennined 
fixxtn the ou^ut signal values by recording ttse volumes of the single droplets and 
then summing up the same. The rain intensity is obtained by computing the change in 
the accumulated rain&U over a predetermined measurement cycle. 

Counting of droplet number and volumes can be implemented in plural different 
ways by virtue of, e.g., piezoelectric, capacitive» optical or droplet-<diargmg tech- 
niques as follows. 

I>etection based on a force sensor 

FIO. 1 illustrates schematically the jirinciple of droplet detection based on a force 
sensor such as a piezoelectric transducer* According to the invention, the lain detec- 
tor comprises a collection vessel 1 having a largp-area collection vessel 2 and a 
small-area discharge end 3. Typically, this kmd of collector 1 is fbnnel-shaped. 
Droplets fidliiig fixm the discharge end 3 of the collector 1 inopnige on adetector 
plate 11 ofrain detector 4 whereto is connected a piezoelectric force senses. The 
force in^osedby the droplet 10 on fbe detector plate is dependent on the droplet size 
whereby also the magnitude of the voltage pulse generated by the sensor is 
proportional to the size of droplet 10. . 

Particular advantages of piezoelectric detection are in ihe first hand that the detector 
portion can be made entirely hCTmetically sealed so that the electronics of the system 
is protected firom humidity and dirt Secondly, the power dissipation of the measure- 
ment system can be easily minimized using a microprocessor designed to include a 
so-called ^sleep-mode** Amotion. Resultingly, if no droplets are detected felling from 
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collector 1 within a given time set in the micro^^ 

processor sets the measurement electronics into a so-called sleep mode of minimal 
power consmnptioiL The microprocessor can be awakened by taking a control signal 
to a given input thereof When rainfall detection takes place using a piezoelectric 
sensor^ the voltage pulse delivered by the sensor may be used as the awaken signal, 
whereby the measurement electronics circuitry assumes the measurement mode 
immediately when the first raindrop fells on the rain detector. The force sensor may 
also be implemented usinft e.g., a cq>acitive acceleration sensor, a sensor made fiom 
conductive plastic or a sensor made from piezoelectric polymer. The droplet volume 
is determined conq)utationally in block 1 3 . In Ueu of using direct force measurement, 
the force sensor may also include force-transmitting constnictions such as lever 
structures and the like. 

The determination of droplet volume takes place as follows. When hitting flie detec- 
tor plate 1 1 , the rainwater droplet inflicts thereon a force transmitted further to force 
sensor 5 and then indicated at the ou^nit tihiereof as a voltage pulse. The waveform of 
the pulse is recorded in memory and analyzed for at least one parameter known to be 
prc^ortional to the droplet volume. Suitable parameters in this sense are, e.g., the 
peak-to-peak voltage (Vpp), the maximum or minimum voltage of the pulse or the 
full-width value at half maximum (wVS). The typical pulse waveform and parameters 
detennined therefiom are shown in FIG. 5. 

hi certain cases the sensor response may also be affected by factors other than the 
droplet size^ such as temperature, for instance. The values of these variables can, 
however, be measured by means of additional sensors and fihen be included in 
compiitation as siQsplementary parametm. 

Now, the droplet volume is computed using formula 



30 



V= f(Spl,...pn, ql,...(pn) 
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where V is the droplet volume, pi - .pn are the values of the measurement parameters 
known to be dependent on the droplet size and ql ...qm are the values of the 
supplementary parameters such as temperature values. Function f, which is deter- 
mined by laboratory or field tests, represents the dependence between ttie parameters 
6 mentioned above. 

Detection based on a capadthre techniqae 

The operating pr]ncq[)le ofthis detector ixoplementatim 
10 discharge tube 3 of collector 1 is made fixmi a conductive material and has a 

conductive ri^ig 12 of larger diar "«t««' pla ced thereunder. The detec tor siaascsJfae 
CTpfi<?^tt»^c^ hetween the discharge tube 3 and the underlying external ring 12. 
hiasmuch as rainwater under aU circumstazices is at least slij^btty conductive, tfie 
droplet formed at ^ exit orifice of the discharge tube acts as aconducting electrode 
15 in the capacitance measurement circuit. Resultingly> also the cqiadtance between the 
discharge tube 3 and the external ring 1 2 increases with the increasing size of the 
hAnging droplet until flie droplet 10 £alls and the cq)acitance assumes its initial 
value. The change in the cq[>acitance at the &11 of droplet 10 is proportional to the 
size of droplet 10, thus being suitable for use as the detectinr output signal. The 
20 droplet volume is determined computationally in block 13. 

Detection based on sensing electrical charge of droplet 

The operating principle of this technique and an exemplary embodhnent of its meas^ 
25 urement electronics circuitry are shown FIG. 3. Herein, droplets 10 falling fixmi 
collector 1 are charged by a DC voltage. The magnitude of charge assumed by the 
droplet is proportional to the surfece area of droplet 10 and, hence, on its volinne. 
Droplet 10 is arranged to fell on an underlying conductive electrode 14 which is 
connected to the iiq>ut of a charge-sensitive amplifier 15. Resultingiy, ihe ou^nit of 
30 the measurmient circuit delivers a signal proportional to the charge assumed by the 
drq>let, which in the implementation shown in diagram is a burst of pulses wherein 
the nuniber of pulses is proportional to the charge of the droplet Obviously, also 
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other techniques of charge measurement may be used as well. The volume of droplet 
10 is detemiined £rom its charge computationally in block 13. 

Optical detection 

5 

Detection may also be implemented using optical techniques as shown in FIO. 4, fcv 
instance by arranging the iUling droplet to inteniq>t a 

optical detection unit 9 from a li^t source 11 toaphotodiode 12orflielikesen8w. 
Since in fliis technique it occurs that the larger the droplet diameter die Umger the 

0 duiati<m of the li^ beam interruption, it ispossible to use die duration of the li^t 
beam intemq>tion as the detector output signal. The droplet volume is determined 
from the output signal of die optical detects in bloclc 13. 

In the context of the present qiplication, electrically responsive plastic is understood 

1 to mean a polymer material in which some electric quality can be affected by an 
external force imposed thereon. This type of electric parameter may be conductivity, 
specific cq>acitance or the like variable. 

The funnel of the q>parBtus may also be arranged beatable. Particularly in the 
I detector of snowfill, a rain detector equipped with a beatable funnel can deliver 
infimnation on the precipitation rate and the water value of the snowfall. 
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What is claimed is: 

1. Aiaindetectcxrconq[>ris]ng 

5 - a rainwater collectiQii vessel (1) e.g., fiinnel-like constraction, the vessel 

jncorporatiiig a collector end (2) for collecting rainwater and, a discharge 
end (3) having a smaller cross-sectioin, for passing collected rainwater to 
measuxementy'and 

10 — ameasinement section (4) located in a close vicinity of said disdi^^ 
_ (3)-fQr-gauging-the collected xainwater, 

characterized in that 

15 - said measurement section includes means (4, 13) for determining the 

volmne of a single droplet 

2. The rain detector of claim 1, characterized in that the measurement section (4) 
includes a force sensor (5) which is adq>ted on die fall path of the single droplet and 

20 serves in the volume determination of the falling droplet fix>m the detected mass of 
the droplet. 

3. Ihe rain detector of claim 1 or 2, characterized in that die fon^ sensor 
piezoelectric senson 

25 

4. The rain detector of claim 1 or 2, characterized in that the fimse sensor » 
capadtLve acceleration sensor; 

5. The rain detector of claim 1 or 2, characterized in that the foE^ 

30 sensor made fiom an electrically responsive polymer niaterial or a piezoelectric 
plastic material. 
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6. The rain detector of claim 1, characterized in that tte measurement section 
includes a capacitive sensor (6) adapted on the path of the felling droplet and capable 
of detemiining a capacitance value prqportioiial to the volume of the OOmg droplet 
and the rain detector further includes means (13) for deterniination of droplet volume 
on fliB basis of the measured ci^ncitanceivahie. 

7. The rain detector of claun 1, characterized in that the measurement section 
includes means (7) for charging the felling droplet with an electric charge, comple- 
mented with measurement means (8) for sensing the value of the ch arge assumed by 



the droplet, and computational means (13) for determination of droplet mass on the 
basis of ^ sensed droplet charge value. 

8. The rain detector of claim 1 with optical means (9) for measuring precipitation 
i rate, characterized m flurt the rain detector additionally includes means (1 3) for 

detemiining droplet volume frpm the optical means ou^ut signal. 

9. The rain detector of any one of foregoing claims, characterized m that the 
precipitation collection ibnnel is ad^ted heatable. 

10. A method for precipitation rate measurement conqnising the steps of 

- collecting precipitation by means of a rainwater coflection vessel (1) o^ e.g., 
funnel-like constniction, the vessel incorporating a collector end (2) for 
cbUecting precipitation and, a discharge end (3) having a smaUer cross- 
section, for passing coUected precipitatian to measurement, and 

- measuring the coUectedprecipitation in a measurement section (4) located 
in a close vicinity of said discharge end ^), 



characterized in Oat 
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— the volume of each sin^e droplet of precipitation exiting said discharge end 
(3) is determined in said measurement section. 

5 11. The method of claim 10, characterized in fbst the force in^acted by the filling 
droplet is measured in order to determine the volume of the falling droplet 

12. The method of claim 10 or 11, characterized in that the droplet impact force 
sensor is a piezoelectric aensoi; 

10 * 

13. The method of claim 10 11, characterized in that the droplet impact force 
sensor is a cq>acitive acceleration sensor. 

14. The method of claim 10 or 11, characterized in that the droplet impact force 

1 5 sensor is a sensor made from an electrically conductive polymer material or a piezo- 
electric plastic material. 

15. The method of claim 10, characterized in that the mefliod comprises the step of 
determining a capacitance value which is proportional to the volume of the filling 

20 droplet and thus can be used in the determination of the droplet volume. 

16. The method of claim 10, characterized in that the method coniprises the steps 
of charging the falling droplet with an electric charge and measuring tfa& value of the 
charge assumed by the droplet, wher e from the droplet volume is further determined. 

25 

17. The method of claim 10, characterized in that an oiitical techniques is 
employed in the determination of droplet volume. 
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